Core samples of sediments at depths of 0-300 cm at Rikubetsu, Hokkaido, Japan were analyzed for total organic carbon (TOC) concentration, total hydrolyzed amino acids (THAA) and density of viable microorganisms. TOC, THAA and density of viable microorganisms were greatest at the surface and decreased with the depth: THAA showed 62 µmol/g at a depth of 0-5 cm. The correlation coefficients (r) for TOC and THAA versus cell density were 0.97 and 0.98, respectively. The alteration of dicarboxylic amino acids, aspartic acid and glutamic acid, to β-alanine and γ-aminobutyric acid respectively, via specific decarboxylation due to diagenesis were observed. Rate constant of aspartic acid racemization, k ASP was determined to be 3.8 × 10 -5 at 4,420 yrBP and 2.6 × 10 -5 at 9,290 yrBP. Some anomalies in vertical distribution of THAA and cell density in the core sediment may indicate the presence of the past warmer period called "Hypsithermal" in Rikubetsu, Hokkaido, Japan.
INTRODUCTION
Recently, the interest in the limit of life in low temperature environments has been growing. Living organisms, especially microorganisms, are present in frozen soils of the Arctic and alpine environments (Russel, 1992) . The critical temperature point for living organism is estimated to be -12°C: intracellular ice is formed at this temperature (Russel, 1992) . Putative cold-loving archaea, however, have been detected in the glacial water from Antarctica (DeLong et al., 1994) . Some of the most psychrophilic organisms are algae living in snow-covered areas, where they inhabit the upper 1 cm layer of snow. They often have optimal temperatures below 10°C.
Numerous studies of reconstruction of the paleoenvironment by using chemical biomarkers, biological specimens, or geological aspects were reported (e.g., Sawada and Handa, 1998) . Among these reconstructional discussions, the global warming period in the Holocene discusses changes in paleo-environment for the past 10,000 years at Rikubetsu, Hokkaido, Japan.
EXPERIMENTAL

Sample
The boring core samples at Rikubetsu were obtained by the Obayashi Corporation in February, 1996. Rikubetsu, Hokkaido is in a boreal area in Japan (Fig. 1) . It is located near the center of Hokkaido, and it is one of the coldest cities in Japan. The altitude of the boring place is 207 m (Rikubetsu cutchery report, 1989) . The annual average temperature of the boring place is 5.8°C at 43°28′0″ N, 143°44′5″ E (Rikubetsu cutchery report, 1989) . The monthly average precipitation and sunshine record on the point is 67 mm and 142.3 hours, respectively (Rikubetsu cutchery report, 1989) . The boring place is situated in a slight marshy area, which is seasonally frozen into subsurface down to a depth of 80 cm, and covered with ice during the winter. The boring was performed to a depth of a maximum 300 cm below. The vertical profiles of moisture content, density, pH and particle size were investigated by the conformable test method of JIS A 1204 JIS A (1990 and JIS A 1225 JIS A (2000 in Japanese Industrial Standards Committee as shown in Table 1 .
Total organic carbon
Total organic carbon concentration (wt %) of the sediments was determined by Shimadzu TOC-5000 as follows. The total organic carbon content (TOC) was calculated as the difference between total carbon (TC) and inorganic carbon (IC). The inorganic carbon content was determined with a CO 2 coulometer.
Amino acid analysis
The freeze-dried sample of 1.00 g was placed in a Teflon tube which had been cleaned by soaking it in 6M HNO 3 overnight and rinsed in Milli-Q-water (Millipore Corp.). 10 ml of 5M HF-0.1M HCl mixture was poured in the Teflon tube, which was placed in a metal vessel. It was continuously heated at 110°C for 16 hours in order to extract organics in silicate matrix. After HF-HCl degradation, Teflon tubes were placed on a hot plate in a draft chamber to evaporate acids. The organic residues were extracted with pure water by ultra-sonication. The aqueous fraction was filtered with a GF/A 1.6 µm glass filter, and then freeze-dried in a glass test tube. 2 ml of 6M HCl was added to each of the test tube to obtain total hydrolyzed amino acid fraction (THAA). The test tube was sealed and placed in a block heater and heated for 2 hours at 110°C. The hydrolysates were then dried in vacuo using a diaphragm pump. After dryness, the portions were adjusted to pH 1 with 0.1M HCl, followed by desaltation with a AG-50W-X8 (200-400 mesh) cation exchange resin column (Bio-Rad Laboratries). Before application of the sample to the column, the resin had been cleaned by passing 1M HCl, H 2 O, 1M NaOH and H 2 O successively through the column. Just before applying the sample the resin was reactivated with 10 ml of 1M HCl and rinsed with 10 ml of H 2 O. The amino acid fraction was eluted with 10 ml of 10% NH 3 . The eluent was freeze-dried and redissolved in 1.0 ml of 0.1M HCl before injection into the liquid chromatographic system.
The concentration of THAA was determined by an ionexchange HPLC system, which was composed of two high performance liquid chromatograph pumps (Shimadzu LC-6A), a cation exchange column (Shimpack ISC-07/S1504, 4 mm i.d. × 150 mm), a post-column derivatization system with o-phthalaldehyde (OPA) and N-acetyl-L-cystein (N-AcCys), and a Shimadzu RF-535 fluoromeric detector (excited wavelength: 355 nm and emission wavelength: 435 nm) (Kobayashi et al., 1991) . The temperature of the column was maintained at 55°C. Gradient elution was performed by using the following eluents: A: 0.07M sodium citrate perchloric acid (pH 3.20) with 7% ethanol, B: 0.2M sodium citrate-boric acid-NaOH (pH 10). The flow rate of the carrier was 0.3 ml/min.
Enantiomer separation
The determination of D-and L-amino acid enantiomers was achieved with an RP-HPLC system, which was composed of high performance liquid chromatograph pumps (Tosoh CCPM II), a reversed phase column (YMC-pack Pro C18 4.6 mm i.d. × 250 mm), a pre-column derivatization system with OPA and N-AcCys, and a Tosoh UV 8020 detector . An aliquot of desalted and redissolved amino acid extract was mixed in a glass vial with OPA and N-AcCys. Then the derivatives were extracted by solid phase extraction with a TOYOPACK ODS column to eliminate hydrophobic impurities. The extract was injected to the RP-HPLC system to separate amino acid enantiomers. In order to calibrate racemization during the extraction procedure (Kudo et al., 2003) , the data of the D/L ratio was monitored at the extraction time of 16, 24 and 32 hours.
Determination of cell density
Staining Microbial cell density in sediment samples were determined by fluorescence microscopy as follows. First a fluorescent probe for staining viable microorganisms, CFDA-AM (5-carboxyfluorescein diacetate acetoxymethylester), was purchased from Molecular Probes Inc. (USA). Sediment specimens of 100 mg were then stained with 10 µM of CFDA-AM in 0.5 ml of staining solution {(bis-trispropane buffer (pH 6.5) 20 mM, CaCl 2 20 mM, Pluronic-F127 0.05%)} for 60 min at room temperature. The mixtures were washed with the stain-ing solution 4 times (centrifuged at 4 × 10 5 G for 3 min), and the final sediments were compactly mounted on hole slide glasses. After adding the measurement solution {bistrispropane buffer (pH 5.0) 20 mM, CaCl 2 20 mM}, the hole slide glasses were mounted on a stage of the fluorescence microscope.
Instrumental and analysis
Fluorescent microscopes used were Zeiss axiovert 135 M equipped with cooled CCD Cameras, CH 250 (Photometrics Ltd., USA), and Quantics 1400 (Photometrics Ltd., USA). The obtained data was automatically analyzed with a software IP-Lab spectrum (Signal Analytics Ltd., USA). Viable microoraganisms were discriminated from the background by the following twostep criterion.
At first, fluorescent particles which cleared the following condition were selected. I par > I bg + 3δI bg where I par was fluorescent intensity of candidates of viable microorganisms, I bg was background fluorescence intensity, δI bg was fluctuation of I bg (Tsuji et al., 1995) . Among the particles selected, the objects with areas less than 50 µm 2 were recognized as viable microorganisms. When possible viable cells are highly aggregated and automatic analysis is difficult, the cells were then manually counted. The cell density was represented as cell numbers counted.
Age determination by 14 C radiocarbon
Sediment core samples of 50-75 cm and 150-175 cm were analyzed for age determination by 14 C radiocarbon. Since the concentration of organic carbon in the sediments was very low, the bulk sample of ca. 200 g was analyzed with an accelerator mass spectrometric system (AMS) after washed with 1M HCl. Age determination were performed by the Beta Analytic Inc., Florida, USA and Geo Science Laboratory Corporation, Japan. Figure 2 shows ion-exchange HPLC chromatograms of amino acids in core samples of 5-10 cm and 250-300 cm. Thirteen kinds of amino acids were determined. The vertical profiles of total organic carbon (TOC), total hydrolyzed amino acids (THAA), total hydrolyzed proteinous amino acids (THPA), total hydrolyzed nonproteinous amino acids (THNA) and viable number of microorganisms are shown in Table 2 . All of these concentrations decreased with the depth, and the profile showed a maximum value at the surface. Individual amino acids drastically decreased from the upper to the lower by two orders of magnitude as seen in Fig. 3 . Table 3 shows the correlation among the cell density, TOC and THAA. It was shown that the product-moment correla-tion coefficient (r) of TOC and THAA versus the cell density was 0.97 and 0.98, respectively. The remarkable positive correlation was a good evidence for the relationship between the population of subterranean microorganisms and various organic compounds in this study. Table 4 shows the vertical concentration of amino acids in the hydrolyzed fractions. Proteinous amino acids such as glycine, alanine, aspartic acid and glutamic acid were major constituents. Non-proteinous amino acids such as β-alanine and γ-aminobutyric acid were also detected as minor constituents in the upper part of the core sediment. Diagenesis in sediment may cause decomposition of amino acid via decarboxylation (Ratcriff et al., 1974) , e.g., aspartic acid will alter to β-alanine by decarboxylation at α-carbon. As seen in Fig. 4 , there is a notable increase in the relative abundances of β-alanine and γaminobutyric acid to THAA with the depth. In the samples from the upper part of the sediment column, the com-bined relative abundance of β-alanine and γ-aminobutyric acid is less than 4 mole % of all amino acids. With depth, β-alanine and γ-aminobutyric acid increased in relative abundance and in the deepest sample they reached up to 28% of THAA. A similar phenomenon in the amino acid abundance pattern with depth has been reported from several marine sediments. For example, an increase in the abundance of β-alanine and γ-aminobutyric acid with the depth was found in sediments from the Vema Fracture Zone at the middle Atlantic Ridge (Aizenshtat et al., 1973) , in marine clays from the Pacific Ocean (Schroeder and Bada, 1976) , and in the recent research conducted within the International Ocean Drilling Program (ODP) in sediment core Leg 139 and 168 (Andersson et al., 2000) . Since β-alanine and γ-aminobutyric acid comprise only a very minor percentage of the total amino acid content of living organisms, it has been proposed that the decomposition of aspartic acid and glutamic acid are the most likely source of β-alanine and γ-aminobutyric acid, respectively, in marine sediments Hedges, 1992, 1994; Schroeder, 1975) . According to Cowie and Hedges (1994) , the mole percentages of β-alanine and γaminobutyric acid are sensitive biogeochemical indicators of diagenetic alteration in a natural organic matter mixture. These relationships here strongly indicate that the β-alanine and the γ-aminobutyric acid are of diagenetic origin in the terrestrial sediment at Rikubetsu. 
RESULTS AND DISCUSSION
Concentration of amino acids
Stereochemistry of chiral amino acids
Enantiomer separations of amino acids in the core samples are shown in Fig. 5 . The vertical profiles of D/L ratios are shown in Fig. 6 . Amino acids associated with life especially those in protein are only L-form. Racemization of amino acids in sediments is primarily dependent on the age and temperature of the sediment (Bada and Schroeder, 1975) . The racemization rate at the temperature commonly found in marine sediment is very slow. The diagenetic process may progress with the depth, therefore, D/L ratios were determined and used as indicators of the extent of organic matter alteration. The D/L ratio of aspartic acid, glutamic acid and alanine showed that gradual racemization from L-form to D-form were observed. Since racemization of chiral amino acids occurred during extraction, different periods of HF extraction were employed to determine the initial D/L ratio (Kudo et al., 2003) . Then, the D/L ratio data were calibrated with the heating time of 5M HF-0.1M HCl for 16, 24 and 32 hours at 110°C to determine the initial ratio.
As shown in Table 5 , the vertical distribution of the D/L ratio for aspartic acid showed a negative correlation with the concentration of total hydrolyzed amino acids. It was shown that the correlation of TOC and THAA were -0.76 and -0.72 versus the D/L ratio, respectively.
Of particular interest is the racemization reaction of aspartic acid; this reaction can be written as, where k 1 and k 2 are the first-order rate constant for the interconversion of L-and D-enantiomers of aspartic acid. By using characteristic chronology, the dating of a fossil bone was investigated (e.g., Bada and Protsh, 1973) . The first-order rate constant of aspartic acid (k ASP ) for interconversion of the D-and L-enantiomers can be calculated from the following equation (e.g., Schroeder and Bada, 1976) : (Tsuji et al., 1995) Table 4 . Vertical concentration of amino acids as hydrolyzed fractions. Determination was perfomed by average value of triplicate analysis Abbreviations; Asp: aspartic acid, Thr: threonine, Glu: glutamic acid, Pro: proline, Gly: glycine, Ala: alanine, Val: valine, Ile: isoleucine, Leu: leucine, OH-pro: hydroxy proline, β-Ala: β-alanine, γ-ABA: γ-aminobutyric acid. Fig. 4 . Mole percentage of (a) aspartic acid (Asp) and β-alanine (β-Ala), and (b) glutamic acid (Glu) and γ-aminobutyric acid (γ-ABA) versus total hydrolyzed amino acids in the sediment core samples at Rikubetsu, Hokkaido, Japan. where t is the age (in year) and D/L is the enantiomeric ratio of aspartic acid in the sediment. Substitution of the ratio shown in Table 6 and the radiocarbon age of 4,420 ± 40 yrBP (depth of 50-75 cm) into Eq.
(2) yield k ASP = 3.8 × 10 -5 . The rate constant values of alanine (k ALA ) and glutamic acid (k GLU ) are also shown in Table  6 . It can be seen that k ASP is a little higher than that of k GLU at each depth of the sediment. Amino acids of secondary origins in these core samples may also affect the D/L ratios of particular amino acids. For example, some alanine may have been produced during the decomposition of other amino acids such as serine (Vallentyne, 1964) . The correlation between the relative abundance of serine and that of alanine was not observed in Rikubetsu core samples. Threonine, another hydroxy amino acids, may produce α-aminobutyric acid in the diagenetic process as racemic constituents (Bada et al., 1978; Steinberg and Bada, 1983) . In our analysis, however, no αaminobutyric acid was detected even at the maximum depth of 300 cm. The k ASP value found in P. obliquiloculata in deep sea core sediment samples was reported to be 0.94-1.0 × 10 -5 yr -1 till 25,000 yrBP and showed 0.99 × 10 -6 yr -1 over 25,000 yrBP, respectively (Harada and Handa, 1995) . Since the deep sea floor constantly keeps a low temperature of around 277 K (Kvenvolden et al., 1973) , the terrestrial k ASP obtained from the Rikubetsu core samples might be higher than k ASP in submarine sediment.
Distribution of viable microorganisms
The fluorescent bright spots found are microorganisms in the sediment core samples. It can be shown that Fig. 6 . Vertical profiles of D, L ratio of aspartic acid, alanine, glutamic acid in the sediment core samples at Rikubetsu, Hokkaido, Japan. surface sediment contains fibrous and colonized microorganisms, while in deep sediment, microorganisms are sparsely distributed. The cell density of the microorganism had a similar profile to TOC and THAA distribution: the concentration of cell density is higher in the upper sediments than in the lower sediments. Anomaly in cell density was found at the depth of 125-150 cm of the sediment core sample, as well as in the concentration of TOC and THAA. Seasonal freezing and thawing does not seem to infer such a serious effect on the cell viability. Another characteristic point is that many fibrous microorganisms are observed at the surface. Many of them may be fungi judging from their sizes. Since fungi are highly aerobic, this finding is also plausible. Many cells are aggregated at the surface, while cells are sparsely distributed in deep fraction. This difference can be explained as follows. At surface, organic matters such as plant detritus, are rich and inhomogeneously distributed. At these areas, heterotrophic microorganisms reproduce rapidly and form colonies. At deep fractions, however, organic matters may possibly be digested and fragmented and relatively homogeneously distributed resulting in the homogeneous distribution of heterotrophic cells.
Estimation of the paleo-environment over the past 10,000 years
The anomalies found in the vertical profile of cell density could be observed at the same depth in that of D/L ratio 0 0.1 0.2 0.3 0.4 amino acid concentration. In the preservation of past amino acids in sediment, however, numerous records of microorganisms have been also reported for preservation evidence of past life (Kenedy et al., 1994) . Global warming and transgression have been recognized in the early stage of Holocene (e.g., Suzuki, 1974) . General northward displacement of all climatic zones in the Hypsithermal is inferred from various field data from many parts of the world (e.g., Suzuki, 1974) . World sea level of the past 11,000 years named Fairbridge curve as indicated from North and South America was also investigated (Richards, 1971) . It has been reported that a transgression in the paleo-Kushiro Bay on the southeastern part of Hokkaido was started about 8,000 years ago, and those maximum sea level was recorded about 5,000 years ago (Report for Kushiro moorland, 1975) . After the warming period, slightly colder climate causing regression toward present-Kushiro Bay has been progressed since 4,000 years ago. The historical geology event might be conformable with those anomalies in vertical profiles of amino acid concentration and cell density at Rikubetsu sediment. Thus, vertical anomalies of amino acid concentration and cell density at a depth of 75-150 cm may indicate that a past warmer environment existed in the Holocene at Rikubetsu, Hokkaido, Japan.
CONCLUSIONS
Vertical distribution of total organic carbon, amino acids and viable microbial activities in the terrestrial core sample revealed the correlation with depth. The negative and positive values of the parameter in the relationship showed that evidences of the diagenetic process in the sediment were clarified. The rate constant of k ASP (3.8 × 10 -5 in 4,420 ± 40 yrBP) in the terrestrial core sample was obtained. In addition, secondary products of nonproteinous amino acids such as β-alanine and γaminobutyric acid were observed for the present in terrestrial samples as were the case for marine core samples.
The anomalies of amino acid concentrations in core samples were consistent with the global geological event of Hypsithermal. It showed that environmental changes during the warmer and colder periods might be recorded in the sediment at Rikubetsu, Hokkaido, Japan. 50-75 4,420 ± 40 3.8 × 10 -5 2.1 × 10 -5 3.4 × 10 -5 150-175 9,290 ± 50 2.6 × 10 -5 1.6 × 10 -5 2.0 × 10 -5
